
AD 46 815 AQUATIC PLANT CONTROL RESEARCH PROGRAM USE OF THE WHIT IF
AMUR FOR AQUAUIC..U) ARMY ENGINEER WATERWAYS
EXPERIMENT STATION VICKSBURG MS ENVIR.

U F ILLER ET Al AUG R4 WES/lB/A BA I F/G 6/6 NL

III7ImI ino n s, ,
IIIIRl



allo

16
1I W I-



* ~.:AQUATIC PLANT CONTROL
RESEARCH PROGRAM

US Amy orp

ofEgier INSTRUCTION REPORT A-84-1

in USE OF THE WHITE AMUR
I- FOR AQUATIC PLANT MANAGEMENT

CD by

U Andrew C. Miller, J. Lewis Deceit

Environmental Laboratory

DEPARTMENT OF THE ARMY

Waterways Experiment Station, Corps of Engineers

Vicksburg, Mississippi 39180-0631

August 1984
Final Report"U seApproved For Public Release, Diribution Unlimited

C-') DTIC
jELECTE

~OCT 16W4)

Prepared for

DEPARTMENT OF THE ARMY
US Army Corps of Engineers

Washington, DC 20314

84 10 15 008



Destroy this report when no longer needed. Do not return
it to the originator,

The findings in this report ore not to be construed as on official
Department of the Army position unless so designated

by other authorized documents.

'I

The contents of this report are not to be used for
advertising, publication, or promotional purposes.
Citation of trade names does not constitute an
official endorsement or approval of the use of

such commercial products.

1 ., . j



Unclassified
SECURITY CLAS3IPICATIONi OF TellS PAGE (Uhe 0,00 Ene..4 _________________

REPOR DOCMENTTIONPAGEREAD INWTRUC1ONSREPOT DOUMENATIO PAGBEFORE COMPLETING FORM
I REORT NUM11ER11 2. GOVT ACCESSION NO. B. RECIPIENT'S CATALOG MUNDER

Instruction Report A-8-1

4. TIT L (-4 S&HfiC1) S. TYPE OF REPORT A PERIOD COVERED

USE OF THIE WHITE AMUR Final report
FOR AQUATIC PLANT MANAGEMENT 7. PanPoRMING ORG. REPORT NUMSER

7. AUTwORt(.) 4. CONTRACT ON GRANT NSM5ERNe

Andrew C. Miller
J. Iewis Decell

9. PtRPORMIMO ORGANIZATION NAME AND ADDRESS IC. PROGRAM ELEMENT. PROJECT. TASKC
AREA a WORK UNIT NUMMERS

US Army Engineer Waterways Experiment Station
Environmental Laboratory Aquatic Plant Control
PO Box 631. Vicksburg, Mississippi 39180-0631 Research Program

11. CONTROLLING OFFICE NAME AND ADDRESS I2. REPORT DATE

Department of the Arrmy August 1964
US Army Corps of Engineer. IS. NUMSCER 0P PAGES
Waahington, DC 20314 48

14 MONITORING AGENCV NAME 6 AOORESS(Il d1111NII~ 1v Cw10611xd Offloo) It. SECURITY CL ASS. (of INS~.E)

IS. ISTISUTON TAYUENTeela,.Unclassified

Is.0CAWPICATION/OOWNGRADING

Approved for public release; distribution unlimited

IT. OiSTRifUTiOn STATEMENT (of A. SINI,0 mwe ft Dt moc It 01we barn xepse)

IS. SoPPLSUINTARY NOTES

Available froms National Technical Information Service. 5285 Port Royal Road,
Springfield, Virginia 22161

1S. Key WORMS (Ceeisw. am to~** leE it 006060M OW ksft"r I, Woe& mae

)Aquatic ecology. -- Handbooks, manuals.et.4

XL AMTRACT egRN II - ee and temCip ay so.a nowli

This manual is a practical guide for operations use in managing problem subme aquatic

Scale Operations Management Test conducted in Lake Conway near Orlando, Fla. tiled
data aind analyses of this very extensive study may be obtained in a series of reports on the
project published by the U.S. Army Engineer Wateryisys Experiment qtation through its
Aquatic PlantControll Research PrOgram.. Oriq te s #c i- - rv Vi clpty igli.uIt

- m , ~,W~sm~ O 6 SUnclassified

U=00"v OLAIUICATW 00 rsua Oeg W m M5Z3. L p

tA S



PREFACE

"--This manu;-was written as a practical guide for the operational use of
the white amur.a a biological control tool for managing submersed aquatic
vegetation in situations where it is possible and practical. The~u~de-: based . .. '
on extensive evaluation of the white amur in the Large-Scale Operations
Management Test (LSOMT) in Lake Conway, near Orlando, Fla.-Th
LSOMT was sponsored by the Office, Chief of Engineers (OCE), and the U.S."--
Army Engineer District, Jacksonville, and conducted through the Aquatic
Plant Control Research Program (APCRP) at the U.S. Army Engineer
Waterways Experiment Station (WES) with the major portions of the field
work performed under contract with agencies of the State of Florida and
Orange County. Preparation and publication of this manual was sponsored
by OCE.Technical monitor at OCE for the APCRP is Mr. E. Carl Brown.

_-Although massive amounts of data and subsequent analyses are

t available in other publications on the LSOMT, the information in this guide /,
is a summary of pertinent results considered appropriate for a user manual.--,, ,/ "

~This manual was prepared by Dr. Andrew C. Miller and Mr. J. Lewis
t Decell of the Environmental Laboratory (EL) at WES. Dr. John Harrison

was Chief, EL. and Mr. Deceli was Manager, APCRP.
Commander and Director at WES during the preparation of this manual

~was COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.
i This report should be cited as follows:

Miller, A. C., and Decell, J. L. 1984."Use of the White Amur for
Aquatic Plant Management," Instruction Report A-84-1, US Army
Engineer Waterways Experiment Station, CE, Vicksburg. Miss.
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-Although massive amounts of data and subsequent analyses are
available in other publications on the LSOMT, the information in this guide X
is a summary of pertinent results considered appropriate for a user manual. - + ,
This manual was prepared by Dr. Andrew C. Miller and Mr. J. Lewis
Decell of the Environmental Laboratory (EL) at WES. Dr. John Harrison
was Chief, EL, and Mr. Decell was Manager, APCRP.

Commander and Director at WES during the preparation of this manual
was COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be
converted to metric (S) units as follows:

Multiply By To Obtain

acres 4046.873 square metres
Fahrenheit degrees 5/9 Celsius degrees or Kelvins*

feet 0.3048 metres
inches 25.4 millimetres
pounds (mass) 0.4535924 kilograms
pounds (mass) per acre 0.000112 kilograms per square metre
tons (mass) per hectare 0.09072 kilograms per square metre

To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the
following formula: C = (5/9) (F - 32). To obtain Kelvin (K) readings, use K = (5/9) (F
-32) + 273.15.

42
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USE OF THE WHITE AMUR FOR AQUATIC PLANT
MANAGEMENT

PART I: INTRODUCTION

Background prior to introduction, and up to 4 years
The Aquatic Plant Control Research following introduction of the fish. A major

Program (APCRP) of the U. S. Army Corps emphasis of this work was to base stocking

of Engineers was authorized by Section 302 rates and study objectives on the knowledge

of the River and Harbor Act of 1965, Public of initial conditions as well as projected
Law 89-298. This research program is future conditions. The purpose was to

tasked with the responsibility of developing integrate the methodology into the existing

effective and economic macrophyte control ecosystem, to manage, and not eradicate,
techniques for implementation in navigable plant communities. It was intended that
waterways, tributary streams, and other results of this study could be extrapolated to

allied waters for the purposes of flood other large-scale operational uses of the

control, navigation, recreation, agriculture, white amur.

fish and wildlife, and public health. As part Purpose and Scope
of the APCRP, and in response to the
Jacksonville District (SAJ), the Large-Scale The purpose of this manual is to present
Operations Management Test (LSOMT) at practical guidelines for the use of the white

Lake Conway, Florida, was initiated. The amur to manage aquatic vegetation in lakes
LSOMT was specifically designed to test the and ponds. This document will introduce the
use of the white amur (Ctenopharyngodon reader to the white amur as a biological
ideIla) for control of aquatic macrophytes on control agent for submersed aquatic plants,
a large scale. In addition, it was the intent of and present information necessary for
this research to investigate the effects of the successful use of the fish.
white amur stocking on native fish, water- Included are methods for calculating
fowl, reptiles, amphibians, zooplankton, the number of fish required to effect a
phytoplankton, aquatic macrophytes, and desired level of plant control, as well as
water and sediment chemistry in a large information on obtaining, shipping, and
lake system. Scientists working on this releasing white amur. Data on feeding,
project collected data on the fate of the fish growth rates, food preferences, repro-
through time-how their numbers, size, duction, and tolerances to various aquatic
biomass, and dietary habits changed during conditions are also presented. Case studies
the course of the study. All aspects of on the use of the fish are discussed to
working with the fish were investigated: the illustrate possible impacts of white amur on
possible need for restocking, movements water chemistry and native biota. While the
within the water body, growth rates, and majority of the information for this report
feeding preferences. A computer-accessed originated with the LSOMT in Lake
model was developed and revised several Conway, Florida, the fish is a viable control
times that can be used to select stocking agent in other parts of the country. This
rates based on the predicted effect of the manual should have utility in all parts uf the
white amur on existing and projected United States in providing background data
growth of submersed vegetation, on the white amur and concise information

Data for the LSOMT at Lake Conway on the proper use of fish to control sub-
were collected for a minimum of 1 year mersed aquatic plants.

56I
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PART II: THE WHITE AMUR

History of Usage Wisconsin), the northeast (Vermont), and
The Chinese have raised white amur as the west and southwest (California and

a source of protein since the tenth century.* Nevada). It has been estimated that 35 to 40
In 1956, when techniques for mass transport states have stocked the white amur for
became available, the Soviets began large-
scale importation of these fish for food. Table 1
During the 1960's. the white amur was White Amur Distribution in the United States.
brought into Western Europe for plant 1963 to 1977
control and into Eastern Europe for food. To
date, the white amur has been introduced
into over 50 countries worldwide as a Alabama X X X
protein source and plant control agent. They Arizona X X
have been used in enriched waters from Arkansas X X
sewage treatment plants, in fallow rice California X X

Colorado X X
fields, in the cooling reservoirs of power- Connecticut X
generating stations, and in canals, ponds, Florida X X X
lakes, large rivers, and reservoirs. Georgia X X X

Illinois X X X
In 1962, representatives from the U. S. Indiana X X

Fish and Wildlife Service, Auburn Iowa X X X

University, United Nations Food and Kentucky X X
Agriculture Organization, and the Louisiana X X X
Arkansas Fish and Game Commission Maryland XMichigan X
brought the white amur into the United Mississippi X X X
States for study. The following year, the fish Missouri X X X
was stocked at Auburn University and the Nebraska X X
Fish and Farming Experiment Station in Nevada X
Stuttgnrt, Ark. In 1966, the imported fish New Hampshire X
reached maturity and were spawned with New Jersey X

New Mexico Xlimited success. The fish were then New York X
successfully spawned in 1970 and 1971. North Carolina X
Beginning in 1970, the Arkansas Game and North Dakota X X
Fish Commission began an extensive Ohio X X
stocking program and introduced this fish Oklahoma X X

Oregon X
into 115 lakes and ponds in Arkansas. Pennsylvania X X

Puerto Rico X X
Range in the United States South Carolina X

South Dakota X X
Since its introduction in 1963, the white Tenneaee X X X

amur has achieved a wide distribution in Texas X
the United States (Table I and Figure 1). Virginia X
While most records have been from Florida West Virginia X
and waters near Arkansas, it has been Wiseonsin K X
recorded in the north (Michigan and Total 31 20 12

To enanee readability, the mAjority of the literature After Guillory ad Gemway (1978) Column I gives
citatios be been emitted from the tet. See Appendix A Instaness of Importation from private hatcheries: 11 gives
for scientific iltersturv ued to eonpile this manusl. re"rch eN -III Elvm eolleeton reeords of wild fish.
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experimental or weed control purposes at negative effects were observed on sport fish

one time or another. This fish is common in in only two ponds. However, it has been
rivers in the Mississippi Valley, especially stated that prestocking sampling methods
the Missouri. middle Mississippi. and the rather than white amur caused these effects
Ouachita Rivers. White amur have also been (Beach et al. 1976). In Arkansas, work
collected in the AItamaha and started in 1963 with research on the

Chattahoochie Rivers in Georgia ; the Coosa selective acceptance of different foods
and Black Warrior Rivers in Alabama; and (Stevenson 1965 .Weed control was attained
the North Bay and Econfina Creek in in Lake Greenlee in 1964 and by 1975 they
Florida. Private companies have imported were controlling aquatic macrophytes in
white amur into Louisiana. Oklahoma. over 100 large lakes (Bailey 1972a, 1972b.
Texas, Maryland. Arkansas, Michigan, 1975. 1978). In 1963, Alabama imported the
Ohio. and Indiana. white amur and numerous tests were

conducted on its food selectivity and its
Early Studies weed control potential in ponds. Since that

In the United States, the majority of time, it has been tested on filamentous algae
work with the fish has been conducted in (Pithophora, Hydrod ictyon, and Lyngbya)
Florida. Arkansas. and Alabama. The most as well as on waterhyacinth. Much of that
intensively studied and controversial work was done by the Alabama Department -

investigation involved four ponds located in of Conservation.*
the central part of the state of Florida. The __
fish controlled vegetation to a varying *Organizations that have conducted research on the white

extent in all of the ponds; substantial amur in the United States are listed in Table 2.

Table 2
Organizations Which Have Conducted Research

on White Amur in the United States

State Agencies Universities (Continued)

Alabama Department of Natural Resources San Francisco State University
Arizona Game and Fish Department Southern Illinois University
Arkansas Game and Fish Commission University of Arizona
Florida Department of Natural Resources University of California at Davis
Florida Game and Fresh Water Fish Commission University of Florida
Georgia Department of Natural Resources University of Georgia
Indiana Department of Natural Resources University of Michigan
Iowa Conservation Commission University of Missouri
Louisiana Wildlife and Fisheries Commission University of Oklahoma
Missouri Department of Conservation University of South Dakota
North Dakota Game and Fish Department University of Southwestern Louisiana
Ohio Department of Natural Resources University of South Florida
Puerto Rico Department of Natural Resources University of Tennessee
Tennessee Wildlife Resources Agency University of Wisconsin

Universities Wayne State University

Auburn University Federal Laboratories

Colorado State University Fish Farming Experimental Station at Stuttgart
Florida Atlantic University Southeastern Fish Control Laboratory at Warm
Florida Technological University Springs
Illinois Natural History Survey U.S. Department of Agriculture at Fort Lauderdale
Indiana State University U.S. Fish Hatchery at Marion
Louisiana State University U.S. Forest Service at Davis
Nichols State University U.S. Army Engineer Waterways Experiment
Northwestern Louisiana University Station

!8
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Figure 2. The white amur

Physical Description this feature distinguishes them from other

The white amur is the largest member minnows. The fish feeds by grasping plants
of the minnow family (Cyprinidae); in their between the horny pad and pharyngealnative range they can grow to as large as 5 teeth and shaking violently from side to side

kg. The head is broad with a short snout and to break the material loose. Unlike the
the upper jaw slightly overhangs the lower common carp which muddies the water as it
jaw (Figure 2). The body is elongate (length- pulls up vegetation, the white amur actually
to-breadth ratio is 3.8:4.8). The color is gray cuts or breaks loose vegetation as it feeds.
to brown on the upper surface and silvery on plarea m te by te act ofthe
the underside. The scales are large and pharyngeal teeth against each other and

Naverage 42 in number along the lateral line. horny parts. While young, the fish seem t3 1

* Unlike the common carp, the white amur prefer soft succulent material. However, as

have no barbels around the mouth. The the fish grows, the pharyngeal teeth
white amur has no true stomach; food passes increase in size and grow further apart
directly from the esophagus to the large allowing mature individuals to successfully
intestine. Here, only the ruptured cells are feed on more fibrous aquatic plants.
digested. There are no cellulitic enzymes to Appendix B lists plants eaten by the white
break down undamaged cells. The intestine amur.
is only twice the total body length which is White amur have been described as
very short when compared with other "grazers." They feed on submersed
herbivorous minnows which typically have vegetation by working from one end to the
intestines that range from 6 to 16 times total other. Mature fish are able to eat cattail by
body length. Passage of food through the cutting it at the base, then consuming the
intestine takes about 8 hr at 27°C. More entire plant from base to tip.
time is required at a lower temperature.
Only about half of the plant material taken Feeding and Consumption Rates
in by the white amur is digested. The rate at which white amur feed is

dependent on water temperatures. They
Feeding Behavior reportedly do not feed at all below 14°C.

White amur have a horny pad on the Between 140 and 16*C they are very
roof of their mouth but no true teeth. They sluggish and feed selectively. Above 20°C,
have pharyngeal teeth which consist of a they become voracious and will feed on
double row of finely serrated structures: "nonpreferred" plants. Feeding rates

9
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remain constant from 23°C to about 36*C these fish increase in length from 9 to 10 cm
where they decline. In northern latitudes, annually in the first 4 or 5 years and from 6
this fish will not effectively control to 7 cm in the sixth and seventh years. After
vegetation when water temperatures are 8 years, the increase is about 2.5 cm/year.
much below 20*C. In Lake Conway, Florida, For intermediate to adult sizes, weight
where the white amur was used increases of 10 to 22 g/day are typical. In
successfully, water temperatures were at or tropical countries, culture specimens have
above 20°C for about 8 months of the year, obtained 7 to 8.5 kg in 1 year with rates of
from March through October. increase averaging I kg/month in the last 6

Daily consumption rates for the white months.

amur range from 80 percent of body weight In the temperate Amur Basin of the
to two to three times the body weight under Soviet Union, the greatest growth rate of
optimal conditions. This high rate is the wild fish amounts to 2.7 kg/year and occurs
result of the quick passage of food through in fish older than 6 years. Growth rate is
the short intestine and incomplete digestion. dependent upon factors such as stocking
Consumption rates can be slowed by density, dissolved oxygen, and salinity. The
increased salinity, decreased oxygen white amur ceases feeding at about 2.5 mg/i
content, abrupt drops in temperature, and dissolved oxygen content. At salinities
disturbance caused by wind. greater than 30 percent seawater, mortal-

ities occur, while growth slows appreciably
Development and Growth at lower salinities. When stocked at high

Under optimal conditions, the white densities (0.1- to 0.9-kg fish at 49 to 3800 fish
amur can grow faster than other fish of per hectare), reduced growth rates have
comparable sizes. In their native habitat, been reported by some workers.

9; I

[._ * . jii
+1

'777 7



Ip

/I

PART III: RATIONALE

In using the white amur as a biocontrol supplemental stocking, resulting in an
agent, many considerations must be given to overstocked condition.
the time-dependent nature of both the fish
and the target plant species. The approach Overstocking
used should have the objective of achieving When the stocking rate is too high, the
an acceptable level of control in some future fish will quickly consume all plants, usually
time frame, as opposed to achieving a quick, within less than one growing season.
short-term level of control. Following removal of these plants, the amur

It should be remembered that proper have been observed to feed on terrestrial
management technique recognizes that plants along the land-water interface, and
stocking rate is related to vegetated area, root in the muck or sand in the bottom. They
not simply total area of a system. During the do not, however, feed on other fish or fish
actual stocking, it is good management eggs when they have no vegetation. Benthic
practice to place the fish in the system, in invertebrates found in the stomachs of
proper proportion to the problem distri- starving white amur were determined to be
bution, and within the targeted areas. This the result of random feeding on mud and
is especially true for the larger systems. sand once vegetation had been eliminated

(Terrell and Fox 1975). Removal of all
vegetation due to overstocking will also

Understocking eliminate habitat and negatively impact
When lakes or ponds are understocked, native fish. Once it has been determined

the most significant initial effect is lack of that too many fish have been stocked in a
desired control of the problem plant. water body, it is very difficult to correct the
Consumption rate is simply too low to situation. While these fish can be removed
overcome growth rate of the plant. Once this by seines, rotenone, and other methods, it is

t *is realized, and the problem has increased, usually a very tedious process and is often
there is a danger of overreacting with a expensive.

w I W..



PART IV: CALCULATING THE STOCKING RATES

Initial Considerations "what if" games and arrive at a decision
In ponds less than 0.5 acres* in size. the based on predicted responses to realistically

fish appear easily disturbed and nervous described situations. The user can thus
most of the time. In ponds larger than 0.5 examine a wide array of options very
acres, white amur appear more tolerant of quickly and with modest expense, without
outside disturbances. If the lake or pond has subjecting the actual environment to trial-
large inflowing or outflowing streams and-error sequences. The White Amur
which connect to other water bodies, white Stocking Rate Model (Figure 3) was
amur should not be used unless some type of formulated to provide just such a capability
fish barrier can be erected. The fish should as a planning/decisionmaking tool.
not be stocked in rivers since it is virtually Relationships Used in the Model
impossible to restrict the white amur from The second-generation stocking rateescaping to other areas.Thseodenatosocigre model uses several basic relationships to

Overview of the White Amur depict the growth rate of hydrilla and the
Stocking Rate Model consumption rate of the white amur. both as

Determination of the stocking rate can a function of time. The interaction of the
best be accomplished with the assistance of growth rate of hydrilla and the consumption
a computer-accessed stocking rate model. rate of the fish determines the resulting
This model is written in Fortran IV and infestation level on a monthly basis over a
stored on the U. S. Army Engineer chosen time interval.
Waterways Experiment Station (WES) Determining the growth rate of
computer. It can be accessed easily by way hydrilla. The monthly growth rate of
of telephone hookup from anywhere in the hydrilla (G) is determined by considering
United States. The purpose of the model is the combined effects of season G., water
to predict the growth of the problem aquatic temperature G, photoperiod G,, lake
plants, with time, as a result of stocking density G,,, and cropping G,. The monthly
selected number(s) and size(s) of white growth rate factor is determined by the
amur. Should the growth of the plant following equation:
respond in a manner unacceptable to the
user, the selected stocking rate can be G = (Q + Q) (G, (GJ (Q)
adjusted (either size and/or numbers of fish) Season-The model considers the effect
and the model rerun. Through this process, of seasonal changes to be independent of
the user can select a stocking rate based on water temperature and photoperiod
predicted system responses that most nearly influences. The seasonal influences used in
meets his requirements. the model are shown in Figure 4. This curve

In most cases, no model can nor should reflects positive growth during the prime
attempt to account for all variables that spring/summer growing months and
might be considered in an ecosystem. No negative growth (dieback) during the
model should be expected, therefore, to winter months.
totally duplicate the natural environment. Water temperature-The effect of
Most simulation models are best employed water temperature on the growth rate of
as an exploratory device that is used to play hydrilla is shown in Figure 5. This value is
_predicted from the mean monthly water
A table of factors for converting U.S. customary units of temperature for the body of water in

meauement to metric (S) is presnt on paw 4. question.

12
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Figure 3. White Amur Stocking Rate Model
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gowth voun Inested relationship
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relationship
Determining the consumption rate of

the white amur. The model predicts the with the size of the white amur (i. e., a
biomass of hydrilla consumed monthly CB smaller fish consumes a larger percentage
by the fish using the following of its body weight daily than a larger fish).
equation: This relationship is shown in Figure 10. The

CB = R W N T values reflected by this curve are based on
where studies in Lake Wales, Florida.

R = daily ration of each fish, lb Se.on-Daily consumption as a
W = mean weight of each fish, lb function of season is shown in Figure 11,
N = number of surviving fish although the effect of season independent of
T = time, days temperature has not been completely

The model predicts the daily ration R from evaluated at this time.
three independent factors: Cou weum of biosaa eommmed by

R = K R. P te fish touA weigh-The percentage of
where: the plant biomass consumed that is

K = effect of water temperature on R converted to fish weight is shown in Figure
R. = effect of weight of the white amur 12. It is assumed that the fish are not food

on R limited, energy for metabolism increases
R. = seasonal changes in R with water temperature, and egestion and

The model also includes calculation of the energy requirements for digestion increase
number of surviving fish (i.e., number left with the increase in daily ration.
after natural mortality and predation). Surpiublitr-The model considers

Water temperotre-The food the effect of stocking mortality and
consumption of the white amur as a function predation in determining survivability.
of water temperature is shown in Figure 9. This model uses 0.9967 as the monthly
Consumption increases with increased survival rate.
water temperature to a maximum consump- Imteractiem of hydrlla growth fish
tion level and decreases rapidly at lethal e. isa n, and fbb growth. The
temperatures. The shape of this curve was general iogk of the model is shown in
estimated from compilation and 7iro8. am tofb p e
interpretation of data in available Foigure S. The ou f ioas oduhed

literature. produm the amount of biomass remaining

Mh W-The daily ration as a or preent at the beginning of the next
function of weight is believed to decrease mouth and a resultant number of fish of a

14
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Figure 10. Daily ration -weight relationship

t.o Using the Model
Input. The WES stocking rate model

requires the following input:
* Size of the lake in acres.

* Average depth of the lake in feet.
* Total acres of tht, ,ke infested with

4 1 .1 , , , hydrilla.
J NI A N J J A 8 0 N D J 0 The month of the year when stocking

will take place.

Figure 11. Daily ration- season relationship 0 Total number of white amur to be
stocked.

s.02 • Average individual weight of fish to
be stocked.

* Number of months into the future to
0.01- be considered.

Output. Once the inputs have been
specified, the model will respond with

0.0 otabular data on a monthly basis for the
following information:

* Number of fish remaining in the
' a . . . . . 1.0 lake.

R * Mean weight of an average size fish.

Figure 12. Daft redm- cenvee to fish weight 0 Total weight of fish (as a population)
1C, reltltisshlp remaining.

mean weight. This iteration is continued for * Weight of plant material consumed.

the period desired. The model may be rerun 0 Number of vgetated acres
until a stocking rate is determined that remaining.

meets the user's criteria, band on the Demonstration. The model was run
resulting growth of the plant with time. using the inputs shown in Figure 1. Figure

7 _ _;V7--
________ _________



SAMPLE Estimating Without the
RUN Simulation Model

" LAKE = 120 ACRES By referring to Tables 3-5. it is possible
* AVERAGE LAKE DEPTH = 2.5 FT to manually estimate the total number of
" NUMBER OF INFESTED ACRES 60 fish required to effect a certain level of
* MONTH OF STOCKING = JAN.
" NUMBER OF FISH STOCKED = 600 control. These data for growth of hydrilla

(10/INFESTED ACRE). 1200420/INFESTEI) and growth and consumption rates for white
ACRE). 1800(30/INFESTED ACRE). 2400 amur were produced from the WES
(40/INFESTED ACRE). 300050/INFESTED
ACRE) stocking rate model.

" STOCKING WEIGHT 1.0 LB Estimated consumption rates for four
" NUMBEROF MONTHS FOR WHICH

CALCULATIONS ARE DESIRED= 48 size classes of white amur are presented in
Table 3. Daily consumption rates are

13. Inputs for model demonstration maximal in late summer or early fall and
minimal in January. The model predicts

14 shows the differences in the effect of that consumption rates of approximately 50
stocking 1.0-lb fish at rates of 10. 20, 30,40. percent of the total weight of fish are
and 50 fish/acre in a 120-acre lake that was possible. These data are conservative since
initially 50-percent infested (60 acres). The values as high as 100 percent of the body
plot shows that there is a significant weight have been reported. Growth rates, as
difference in the time required to eradicate predicted by the model for a 48-month
the infestation when stocking rates of 10 and period, are presented in Table 4. Based on
20 fish/acre are used compared to the these data a 0.10-kg fish should achier 0.49
higher rates. However, stocking rates of 30. kg within 12 months and 14.78 kg after 48
40, and 50 fish/acre give control in about the months. Percentage increases or decreases
same length of time; therefore, significant in hydrilla biomass, as predicted from the
savings can be realized by stocking 30 model, are presented in Table 5. These data
fish/acre instead of 50. Other combinations assume no vegetative control and no
of larger fish and different stocking rates inhibitory effects caused by crowding of the
could be run to determine other choices plants. Increases vary from +3.0 in January
more acceptable to the user's needs. to +47.9 percent in July. Negative rates, or

losses caused by physiological changesaW ACR ES caused by senescence, are -39.9 percent and

, ,-63.0 percent, which occur in November
and December, respectively.

0 FWUA technique for estimating numbers of
* ~fish needed to bring about a certain level of

control is presented in Table 6. In this
example 100 0. 1-kg fish are stocked in June
in a water body containing 1000 kg of
hydrilla. By using this technique, 100 fish
will consume all but 1466 kg by November,
and all but 366 kg by December. To
compare the results of this estimate with the
output of the stocking rate model, see

,TIN NOWS Appendix C. Appendix D lists some actual
Fliffure 14. Effect of seckingt rate on blotam of rates used and their effectiveness in various
aquatic plants over tim studies.
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Table 3
Daily Hydrilla Consumption Rates (Percent Body

Weight) of Four Size Clames of White Amur as
Predicted by the WES Stocking Rate Model

Cone umptio Railefor Indicated
Avg Water Fish Weights. kg

Temperature
Mout OC 0.10 0.50 1.0 5.0

Jan 10.0 0.018 0.083 0.164 0.813
Feb 11.0 0.042 0.189 0.373 1.843
Mar 12.0 0.058 0.238 0.464 2.267
Apr 13.0 0.070 0.250 0.476 2.278
May 14.0 0.0597 0.248 0.484 2.369
Jun 15.0 0.0738 0.259 0.491 2.346

Jul 15.0 0.053 0.249 0.494 2.453
Aug 14.0 0.061 0.253 0.493 2.413
Sep 13.0 0.074 0.260 0.492 2.353
Oct 12.0 0.106 0.270 0.475 2.113
Nov 11.0 0.0378 0.160 0.314 1.541
Dec 10.0 0.0293 0.116 0.224 1.090

Table 4
Growth Rate of White Amur as Predicted by the WES Stocking Rate Model

for Florida Lakes

A vg Water Year I Year 2 Year3 Year4
Temperature Growth Percent Growth Pereent Growth Percent Growth Percent

Mouth OC kg Increase kg Inerese kq Increase kg Increse

Jan 10.0 0.13 10.0 0.47 4.2 1.84 16.3 6.98 17.8
Feb 11.0 0.11 18.2 0.49 0.0 2.14 7.0 7.!5 16.5
Mar 12.0 0.13 15.4 0.49 10.2 2.29 3.0 8.33 12.2
Apr 13.0 0.15 20.0 0.54 16.7 2.36 0.8 9.35 4.4
May 14.0 0.18 22.2 0.63 19.0 2.38 10.0 9.76 1.8
Jun 15.0 0.22 18.2 0.75 18.6 2.62 16.8 9.94 0.5
Jul 15.0 0.26 23.1 0.89 20.2 3.06 18.3 9.99 6.3
Aug 14.0 0.32 18.7 1.07 18.7 3.62 18.8 10.62 10.2
Sep 13.0 0.38 15.8 1.28 20.3 4.30 19.1 11.70 9.2
Oct 12.0 0.44 6.8 1.54 19.5 5.12 18.5 12.78 8.0
Nov 11.0 0.47 4.2 1.84 16.3 6.07 7.4 13.81 7.0
Dee 10.0 0.49 4.2 2.14 16.3 6.52 7.0 14.78

17
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Table 5
Percentage Increase In Hydrilla Biontum

as Predicted by the WES Stocking Rate Model*

Avg Water
Temperature Percent

Month OC Change

Jan 10.0 + 3.0
Feb 11.0 + 5.8
Mar 12.0 + 23.8

Apr 13.0 + 38.5
May 14.0 + 63.7
Jun 15.0 + 47.6
Jul 15.0 + 47.9
Aug 14.0 +29.3
Sep 13.0 + 22.9
Oct 12.0 + 7.0
Nov 11.0 -39.9
Dec 10.0 - 63.0

This simulation assumed no vegetation control and no
decrease in growth rates attributed to approaching
carrying capacity.

II

Table 6
A Technique for Estimating Hydrilla Bomasa Consumed by 100 0.1-kg Fish

Final Plant Bionma
Hvdrilla Initial ual plant C. n Comaumptio (Hydrilia Growth -Y for ?dars 5O-Dog CwuammpHtlu

Month Biomes Growth* Weight Weiht" I Fiat 100 Fi k (100 FUN) Ask for 100 Fk)

Jun 1000 1476 0.10 0.1182 0.08 8.0 240 1476 -240= 1236
Jul 1236 1828 0.1182 0.1455 0.07 7.0 210 1828- 210 = 1618
Aug 1618 2092 0.1445 0.1717 0.08 8.0 240 2092 -240 = 1852
Sep 1852 2276 0.1717 0.1988 0.14 14.0 420 2276 -420 = 1856
Oct 1866 1985 0.1988 0.2025 0.212 21.2 636 1985 -636 = 1349
Nov 1349 811 0.2025 0.2110 0.0756 7.56 227 811-227= 584
Dec 584 217 0.2110 0.2199 0.0686 5.86 176 217- 176: 41

3Ustimatad from Table 5.
"UIUtiSt from Tbl 4.
t "umud frmn Table

tt Tak ftom final plant blomam from previou month.

II
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PART V: OBTAINING, TRANSPORTING, AND STOCKING
THE WHITE AMUR

Obtaining the White Amur Table 7

Types of white amur available. A Commercial Sources of White Amur

bisexual population of white amur contains
males and females capable of reproduction. sour" FiA TfflA8*

Although the reproductive requirements of Arkansas Aquatics. Inc. B
this species are quite specific, immature 109 Sunflower
white amur have been found frequently in Lonoke, AR 72086
large rivers of the United States, presum- Leon Hill B
ably the results of natural reproduc- 605 Park St.
tion. Whenever males and females of a lnoke, AR 72021
species coexist, the production of viable J. M. Malone & Son B. E
offspring should not be discounted. To date, EnterpriseP.O. Box 158
there have been no reports of large numbers Hwy 31-S
of white amur establishing themselves Lonoke, AR 72086
naturally in the United States. The bisexual Schroder Fish Farm B
white amur available from many fish Box 598
hatcheries (Table 7) could be used if the Carlisle, AR 72024
potential for natural reproduction is Sea Ranch B
deemed minimal or nonexistent. Such a Route 1 Box 103
situation can exist in a lake or pond with no Sheridan, AR 72105
outlet or with easily controlled areas where
fish barriers can be constructed. The cost ' B = Bisexual population; E = Experimental hybrid.

per fish in a bisexual population depends on I
size purchased (Table 8).

Monosex (all female) white amur Table 8

population would have to be generated and Comparative Costa of Bisexual White Amur andTriplold White Amur
reared using a specific procedure. In this (Cot asoS1 December 1981)
procedure, female fish are produced (
through artificial gynogenesis, which is a Sim Rzi
process where sperms are irradated to ,. Number Cod/FiA
destroy their capacity to produce males.
These females are fed sex reversal Bisexual White Amur

hormones prior to formation of sex organs. lairli 50,000 $0.08Fingrerlingl 1,000 0.50
This process produces sex reversed females Fingerling 1,000 0.30
(males) carrying chromosomes capable of 4-7 1,000 1.75
producing only females. These "males" are 4-7 1.000 1.25
then paired with normal females and the 8-11 1,000 8.00
offspring are all females. If there is concern 8-11 1000 2.00

over natural reproduction, such a monosex Triked Hybrid White Amur
population should be used. Natural 1.1/2 - 1000 $0.75
reproduction can, of course, take place if a Ii/-S 1.000 0.50

male finds his way into the arm where the s-11 1,000 4.0

mature females have been stocked, and _ _1_ _ 1.000 _ _00

proper conditions exisL
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Hybrid white amur can be produced Transporting the White Amur
using either male white amur and female
carp (Cyprinus carpio) or female white Trucking. For large numbers of fish,
amur and male bighead carp (A ristichthys transportation is most efficiently done using
nobilis). Resulting offspring from such large tank trucks. The white amur can
crosses are sterile. Such individuals could tolerate 1 to 2 days of transportation with no
be produced naturally from stocked adverse effects. The truck should be backed
(bisexual or monosexual) white amur. up to the edge of the water so the tanks can
Recently. considerable interest has be emptied into the lake or pond. If the tank
developed over the use of the hybrid as a water is not similar to the receiving water in
macrophyte control agent (see Appendix A terms of temperature and pH, the natural
for references). Earlier reports suggested waters should be gradually mixed with the
that the hybrid did not consume as much tank water. When the lake and tank water
vegetation as the white amur and conditions are about equal the fish should be
techniques for its production were difficult. released directly to the water body. If direct
However, recently (1981) Mr. Jim Malone, access to the water body is not possible using
Lonoke. Ark., has produced a "man-made" a truck, the fish can be transferred to
triploid hybrid which has traits very similar smaller, more portable tubs. The supplier
to the white amur (Table 8). should take the responsibility for providing

Diseases. In the United States and healthy fish. Payment should be based on
the number of healthy fish that are

within its native range the white amur is delivered to the site.
subjected to numerous parasites (Table 9).
The eggs, larvae, and fry are susceptible to Regulations. Regulations pertaining to
external fungal and bacterial infections, transportation and stocking white amur are
Adverse incubation conditions can cause presented in Appendix E. The only Federal
dropsy, which results from hydration of law which can regulate transportation is the
body cavities. Curvature of the spine can Black Bass Act (16 U.S.C. 856-856). This
result from imbalanced diets in some areas. law, which supports state legislation. makes
Infection with Rhabdovirus sp. can cause it unlawful to transport black bass (or any
"spring viremia" or acute dropsy. Bacterial fish) between states when local laws
gill rot and bacterial enteritis have also prohibit this transportation. Additional
been reported. The most dangerous parasite information on the introduction of white
of this fish is the nonspecific cestode amur with reference to state laws can be
(Bothriocephalu acheilognathi = found in Lachner, Robins, and Courtenay
gowkongnsis), which was introduced into the (1970); Henderson (1979); and Rosenthal
United States along with the white amur. (1980).
This worm has caused losses in European
fish cultures. Clonorehis (= Opisthoreis) Stocking the White Amur
siaensiu, which can parasitize man and Preparing the site. Generally no site
other animals, uses the white amur as an preparation is necessary for stocking the
intermediate host. white amur. There is usually sufficient

There have been no reported outbreaks access to the water's edge to accommodate
of disease in native fish populations as a the trucks. This access is not always in close
result of stocking white amur. Part of the proximity to the weed-infested areas, but
reason for this is that disease prevention is a this proximity is critical only in large
concern of the reputable supplier. If deemed systems. In these cases, the fish should be
necesary, a qualified fish pathologist can transported by boat to the heavily infested
examine white amur and certify that they areas to be stocked, or temporary access to
are diseas-free prior to shipment. the water's edge should be prepared.

20
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Table 9
Parasites of White Amur*

Parasite Refereme

Viruses
Rh dlovi rus spp. Ahne (1974); Bisseru (1979)
R. erzrpio Bisseru (1979)
Bacteria
A reh rrniabMctr spp. Szakolczai and Molnar (1966)
Atr-monas %pp. Szakolczai and Molnar (1966)
A. pu ntata
A. salmonieidn var. arrmogenes Bisseru (1979)
F"leibacter eodumnaris Astakhova and Stepanova (1972)
Myr orus piscirola
Psi'sdomonas Laboratory of Fish Diseases (date unknown)
Fungi
Brwhiamyres sanguinis Bisseru (1979)
Saproglenia spp. Doroshev (1963): Edwards and Hine (1974); Huisman

(1978); Prabhavathy and Sreenivasan (1972)
Protozoa
A pisonma cyli ndriform is Ivasik, Kulakovskaya, and Vorona (1969); Musselius

(1969): Bykovskaya-Pavlovskaya et a]. (1962) as cited in
Riley (1978): Chen (1955) as cited in Riley (1978): Molnar
(1971) as cited in Riley (1978)

A. magna Stepanova (1971) as cited in Riley (1978)
Eimeri mylopAaryngodoni Ivasik. Kulakovskaya, and Vorona (1969)
E. sienAis Ivasik, Kulakovskaya. and Vorona (1969)

! Entamoeba

Ctenopharyngodonti Bykovskaya-Pavlovskaya et al. (1962) as cited in Riley
(1978); Chen (1955) as cited in Riley (1978)

Epistylis spp. Stepanova (1971) as cited in Riley (1978)

E. lwoffi Kashkovskii (1964) as cited in Riley (1978)
Eugoesoom caudata Chen(1955) as cited in Riley (1978)
Glaucoma p"&(Ormie Chen (1955) as cited in Riley (1978)
Hemiophrys marrostoma Bykovskaya-Pavlovskaya et al. (1962) as cited in Riley

(1978): Chen (195) as cited in Riley (1978)
Hemomita app. Chen (1955) as cited in Riley (1978); Sullivan and Rogers,

pers. comm. as cited in Riley (1978)
Ietyophtrimu app. Bisseru (1979)
i. mudtifiliia Cron (1969); Dah-Shu (1967): Edwards and Hine (1974);

Ivasik, Kulakovskaya, and Vorona (1969) Konradt and
Faktorovich (1966); Laboratory of Fish Diseases (date
unknown); Musselius (1969); Chen(1966) as cited in Riley
(1978); Kashkovskii (1964) as cited in Riley (1978)
Molnar (1971) as cited in Riley (1978); Stevenson (1965)

Myzidium app. Molnar (197 1) as cited in Riley (1978)
M. eno p ooia Bykovskaya-Pavlovkaya et al. (1962) as cited in Riley

(1978)
Mrvobolus dieapr Muaelius (1969k Molnar (1971)a cited in Riley (1978)
M. eUipeoidu Bykovskaya-Pavlovskaya et al. (1962) as cited in Riley

(1978)
Sphaerospeer araaeii Molnar (1971) as cited in Riley (1978); Stepanova (1971)

as cited in Riley (1978)
Spironmvm. app. Ivanova (1966)u cited in Riley (1978)
TdraAumna prrvmf Bykovskaya-Pavlovskaya et al. (1962) a cited in Riley

(1978)
(Continued)

i •Madiflaid from Shirnad oWmf (1981).
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Table 9 (Continued)

Parasite Referewe

Protozoa (Continued)
Thelohanellus wuli-lcurisci Yukhimenko (1972)
A. minimicro nueleata Stepanova (1971) as cited in Riley (1978)
A. piscicoln Ivasik, Kulakovskaya. and Vorona (1969) as cited in

Riley (1978); Musselius (1969); Stepanova (1971) as cited
in Riley (1978)

Balantidiun frenopha ryngudodmtis Astakhova and Stepanova (1972); Bauer (1968):
Musselius (1969): Prabhavathy and Sreenivasan (1972);
Bykovskaya- Pavlovskaya et al. (1962) as cited in Riley
(1978); Chen (1955) as cited in Riley (1978): Molnar (197 1)
as cited in Riley (1978)

Chilodomella spp. Bisseru (1979): Vanyatinskii (1978)
( cyprini Dah-Shu (1957); Ivasik, Kulakovskaya, and Vorona

(1969): Konradt and Faktorovich (1966); Musselius
(1969); Musselius and Strelkov (1968); Prabhavathy and
Sreenivasan (1972); Kashkovskii (1964) as cited in Riley
(1978); Molnar (1971) as cited in Riley (1978)

Chloromyzum spp. Konradt and Faktorovich (1966)
C. cyprini Musselius (1969); Bykovskaya-Pavlovskaya et al. (1962)

as cited in Riley (1978): Molnar (1971)as cited in Riley
(1978)

C. nanum Musselius (1969): Bykovskaya-Pavlovskaya et al. (1962)
ascited in Riley (1978); Molnar (1971)as cited in Riley
(1978)

Costia necatrix Dah-Shu (1957): Chen (1955) as cited in Riley (1978)
Crptobia spp. Bisseru (1979)
C. branehialis Bykovskaya-Pavlovskaya et al. (1962) as cited in Riley

(1978); Chen (1955) as cited in Riley (1978); Molnar (1971)
as cited in Riley (1978)

C. ejrini Anon. (1972); Musselius (1969)
Eimmria earpelli Stepanova (1971) as cited in Riley (1978)
Trichodina spp. Dah-Shu (1957); Musselius and Strelkov (1968); Sullivan

and Rogers, pers. comm. as cited in Riley (1978)
T. bubona Chen (1955) as cited in Riley (1978); Kashkovskii (1964)

as cited in Riley (1978)
T. carasii Kashkovskii (1964) as cited in Riley (1978)
T. domervut Musselius (1969); Ivanova (1966) as cited in Riley (1978);

Kashkovskii (1964) as cited in Riley (1978)
T. meridiomnai Museelius (1969); Kashkovskii (1964) as cited in Riley

(1978)
T. nigra Musselius(1969); Kashkovskii (1964) as cited in Riley

(1978); Stepanova (1971) as cited in Riley (1978)
r. nobilis Kashkovskii (1964) as cited in Riley (1978); Wu (1971);

Yukhimenko (1972)
T. otvaliformis Musselius (1969); Bykovskaya-Pavlovskaya et al. (1962)

as cited in Riley (1978); Chen (1956) as cited in Riley
(1978)

T'. pedieuln Mumelius (1969); Bykovskaya-Pavlovakaya et ul. (1962)
as cited in Riley (1978): Chen (196) as cited in Riley
(1978); Ivanova (1966) as cited in Riley (1978). Stepanova
(1971)

7'. reticulaa vasik, Kulakovskaya, and Vorona (1969; Stepenova
(1971) as cited in Riley (1978)

Tricodinml epieica Muselius (1969)Y Ivanova (1966) as cited in Riley (1978Y.
Molnar (197 t) as cited in Riley (1978)
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Special handling. When introducing determine how successfully they are
the amur into a new area, care must be controlling the vegetation.
taken to ensure that mortalities do not occur Decreases in aquatic macrophytes
as a result of thermal shock. The carrying should be noticeable within I to 3 years after
water should be within 10 to 20 of the stocking. Any changes to water chemistry,
receiving waters. If this is not the case, time phytoplankton, certain native fish, or other
must be allotted to allow the white amur components of the system should become
and the transporting water to achieve noticeable at about the same time. The
ambient conditions. Typically, changes in white amur user should be prepared to

water temperature should be no more than conduct selected samplings for plants,
1° per hour. otherwise fish mortalities can water quality, or other variables depending
result. on the interests of the local community.

Season. The best time of year to stock Monitoring aquatic plant levels should
white amur is early spring. Summer water be conducted periodically and should use
temperatures may be higher than the fish the same plant measuring technique
have been exposed to and mortality could employed during any prestocking
result in warm climates. Stocking fish in the measurements. The best time to measure
fall is usually not recommended since vegetation levels would be early to mid-
predation by larger fish will decrease white summer, or whenever they are known to
amur numbers before they get a chance to reach the highest infestation. As few
feed on vegetation and grow. sampling stations as possible should be

Stocking locations. As previously selected to fully assess the situation. One or
stated, the desired results are better two deepwater sites and one or two shallow
achieved when the white amur are stocked stations where plants are abundant is
in close proximity to the weed-infested usually sufficient. It is good practice to
areas. As the water body increases in total monitor one or two sites where little or no
size, in proportion to the percent infested vegetation is present. Each site should be

" with plants, the stocking location becomes checked for plants at least once a year.
even more important. In addition to The major items of concern are usually
stocking in close proximity to the plant native fish and water quality. The former
problem areas, the number of fish should be are very difficult to measure quantitatively.
stocked in proportion to the distribution of While subject to error, a creel survey.
the problem plant acreages. Thus, in large before, during, and after stocking, provides
systems where the total plant population is an acceptable way to monitor native fish.
widely distributed, the total population of
white amur might be stocked proportion- Phytoplankton levels are most likely to
ately in four or five accessible areas of the increase temporarily following white amur
system. In smaller systems, of less than 00 introduction. Water samples should be
acres, one or two release points will collected from both deepwater and shallow-
probably be sufficient. water stations at least two to three times

during each year. Samples should be takenPoutodgeel eonaideratonu. After during low-water and warm-water
white amur have been introduced into a lake diin te a n or sumer

or pond, s6me effort should be made to conditions in the late spring or summer.
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PART VI: SUMMARY CONCLUSIONS FROM THE LSOMT

The white amur or grass carp. the stocked at rates commensurate with the
largest member of the minnow family, is an problem level, and for long-term control,
herbivorous fish native to the Amur River native fish, waterfowl, and reptile and
along the Sino-Soviet border in Eastern amphibian populations will be unaffected.
Europe. It was introduced into the United Water quality and benthic invertebrates are
States in the early 1960s as a potential not affected, although in some cases blue-
macrophyte control agent. Since that time it green algae populations increase following
has spread or has been intentionally removal of the larger plants.
introduced to over 35 states. White amur are The white amur is a viable biological
tolerant of a wide variety of environmental method for controlling macrophytes under
conditions, and survive well in lakes, ponds, most operational conditions. It should not be
canals, reservoirs, and rivers in all parts of considered for use in rivers or lakes

the United States. Although there are connected with other water bodies during

reports of this fish reproducing naturally in periods of high water. It is most successfully

the wild, its reproductive requirements are used in lakes and ponds with few, or easily

so specific that nuisance levels of white uonlaes aon ds witeways. Whily
amurareunlkelyto eveop i th Unted controlled, connecting waterways. Whiteamur are unlikey to develop in the United amur survive in cold waters, but feed most

States. efficiently on plants in warmer climates.
As an adult the white amur is a A stocking rate model is available for

voracious plant feeder; it can sometimes the potential white amur user to gain insite
consume at least its own weight each day in into relationships between numbers of fish
Hydrilla. Nitella, and Chara and will also and amounts of vegetation consumed as a
feed upon tough plants such as Vallisneria function of time. The user can make
and Typha. There are no known major estimates of the number of white amur
detrimental environmental impacts' derimntalenvronmnta impctsrequired to effect a certain level of plant
associated with the proper use of the white control.
amur as a macrophyte control agent. When
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APPENDIX A: SCIENTIFIC LITERATURE PERTAINING
TO THE WHITE AMUR

The following is a brief review of some Table Al
of the scientific literature pertaining to the Journals Which Frequently Publish Papers on
white amur or grass carp. Many of the White Amur
papers cited below were used to compile this
manual. These technical papers were found Aquculture
by investigation of the scientific literature, FAOAquaultureBulletin (FAOFish Culture
examination of the various contractor's Bulletin), No Longer Published
reports on the Large-Scale Operations Journal of Aquatic Plant Mapagement (Hyacinth
Management Test (LSOMT) at Lake Control Journal)
Conway, Florida, and from an excellent Journal of Fish Biology
bibliography compiled by Smith and Journal of IchtAtlogy (English Translation of
Shireman (1980). In addition to these Voprosv Ikht ologii)
citations, many scientific journals Malaysian Aquwculture Joural
frequently publish papers on the white Proceeding. of te Indo-PaW Fisheries Council
amur (Table Al). Publications which Progressive Fish-Cultura id
contain significant collections of papers are Sport Fisheries Institute Bulletin
listed in Table A2. Tranaactiosof theA merican Fishery Society

Applied Studies
Effects of using the white amur have Table A2

been a subject of numerous studies. The Important Colleetons of Papers

U.S. Army Engineer Waterways Experi- - mportantCollectionsofPapers

ment Station (WES) has accumulated Gangatad, E. 0. d. 1973. "Herbivorous Fish for
considerable information gathered during Aquatic Plant Control" Technical Report 4, U.S.
the LSOMT conducted from 1976 to 1982 in Army Engineer Waterways Experiment Station.
Lake Conway, Florida. An overview of the CE, Vicksburg, Miss.
LSOMT can be found in: Florida Game and Freshwater Fish Commission.

1977. "'The Grass Carp: A Special Research Report
9 Environmental Laboratory (1975) to the Governor and Cabinet," Florida Game and
* Addor and Theriot (1977) Freshwater Fish Commission, Tallahassee, Fla.

Transactions of the American Fishery Society. 1978.* Hamilton (1977) Vol 108, NO. 1.
9 Theriot (1977) Shireman, J. V. ed. 1979. Proceedings q/the Grass
* Theriot and Decell (1978) Carp CoNference, Aquatic Weeds Research Center,

University of Florida, Institute of Food and
Prestocking and postatocking information Aquacultural Sciences, Gainesville, Fla.

from Lake Conway has been published on Environmental Laboratory. 1980. Proeeding. 14th
water quality (Sawicki 1977, Kaleel 1980); Annual Meeting, Aquatic Plant Control Research

Planning and Operations Review, U.S. Army
aquatic macrophytes (Nail, Mahler, and Engineer Waterways Experiment Station, CE,
Schardt 1977; Nail and Schardt 1978, 1980); Vicksburg, Mins.
reptiles and amphibians (Godley, Environmental Laboratory. 1981. ProcesiuM 15th
MeDiarmid, and Bancroft 1980); and fish, Annual Meeting Aquatic Plant Control Reearch

SPlanning and Operations Review, U.S. Armywaterfowl, and mammals (Guillory, L.and, Engineer Waterways Experiment Station, CE,
and Gaway 1977; Guillory 1979; Land Vicksburg, Miss.
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In addition to the Lake Conway Avault (1965a, 1965b), Swingle et al. (1967);

LSOMT, various other workers monitored Avault, Smitherman, and Shel (1968); and
conditions in natural water bodies following Sills (1970). Mitzner (1975a, 1975b. 1978,
white amur introduction. A study of four 1979, 1980) provided data on Red Haw Lake
ponds in Florida was discussed in: in Iowa. Willey, Doskocil, and Lembi (1974)

0 Ware et al. (1975) tested white amur with various aquatic

0 Beach et al. (1976) plants in Indiana.

* Ware and Gasaway (1976) Forester and Avault (1978) studied the
effects of white amur on crayfish; Fry and

0 Beach, Lazor, and Burkhalter (1977) Osborne (1980) investigated zooplankton
* Drda (1977) abundance and diversity in Florida ponds
0 Gasaway (1977a, 1977b) stocked with white amur. Lewis (1972
0 Gasaway and Drda (1978) made observations on ponds containing

A study of Deer Point Lake, Florida. is white amur and fingerling channel catfish

reported by Kobylinski etal. (1980). The and hybrid sunfish.

results of white amur in other Florida lakes Reproduction
were reported by: Reproduction of the white amur is

0 Montegut et al. (1976) reviewed in Breder and Rosen (1966) and
* Shireman (1976) Gerking (1978). Stanley (1976b) discusses
* Shireman, Colle, and Rottman (1977) reproduction worldwide with emphasis on
* Nixon and Miller (1978) its potential in the United States. In a

* Shireman, Colle. and Martin (1979) related paper, Stanley, Miley, and Sutton
(1978) discuss the possibility of naturali-

Gasaway (1978) analyzed the use of the zation of escaped white amur in the United
white amur in Lake Wales, Florida. A States.
similar study in Lake Baldwin, Florida, was

"idescribed in Shireman and Gasaway (1976), Types of White Amur
SGasaway (1977d), and Shireman and The monosex procedure is discussed by

Maceina (1980). Richardson (1974) and Stanley (1976a). The
The use of the white amur was reviewed hybrid created by using female common

in: carp are discussed by Theriot and Sanders
* Illinois - Baur, Buck, and Rose (1975) and Stanley and Jones (1976). The

(1971) cross using the male carp is described by
Buck (1975) Aliev (1967) and Avault and Merkowsky
Buck et al. (1975) (1978). Kinnear (1974) briefly describes
Lewis (1978) polyculture using different types of white

* Missouri - Rottman (1976) amur.
Rottman and Anderson R

(1976)
0 Georgia - Terrell and Terrell (1975) Information on the range and
* Kansas - Stevens (1980) zoogeography of the white amur can be

0 California - Dow (1975) found in Guillory and Gasaway (1978).
Pflieger (1978) discuses the status of the

The use of the white amur in Lake Greenlee, white amur in Missouri streams.
Arkansas, was described by Bailey (1972a, Opuawnski (1972) describes thermal
1972b, 1975), and Bailey and Boyd (1973). requirements of adult amur and relates this
Alabama pond studies were reported by to range.
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Feeding developed a general ecosystem model for the

An extensive literature review plus Lake Conway study. Miller (1980) developed

research data on feeding of the various life and described a method for modeling the

stages can be found in Bailey (1972a). growth of hydrilla based on results of

Information on food habits of fingerlings laboratory studies conducted by Barko et al.

can be found in Fischer (1968); Edwards (1980).
(1973); Willey. Doskocil, and Lembi (1974)
and Watkins et al. (1981). A report on the Stocking Rates
feeding habits of juveniles in devegetated Assistance in determing how many
ponds is discussed in Kilgen and white amur are required can be obtained by
Smitherman (1971, 1973) and Forester and examination of the previously referenced
Avault (1978). Data on animal material in applied studies (see above). Schramm (1979,
gut contents of white amur is in Kilgen 1982) and Osborne* have stocking rate
(1973), Mitzner (1975b, 1978). and Sutton, models which can be utilized for predictive
Miley. and Stanley (1977). Food preferences purposes. The effects of temperature on
by white amur for various plants are stocking density were analyzed by Kilambi
presented by Nail and Schardt (1978). and Robinson (1979). Specific data on the
Hickling (1962, 1966) discusses morphology numbers of white amur used under various
and the feeding process of white amur. condition can be found in Appendix D.
Shireman, Colle, and Rottman (1978)
discuss growth of white amur fed natural Popular Articles
and prepared diets.

Data on plant consumption are found in The following popular articles present
Woynarovich (1968), Vietmeyer (1976) and positive and negative aspects of the white

Woynrovch 196), ietmyer(196),and amur as a weed control agent. Some may
Shireman and Maceina (1980). The effects appear biased; none are scientific or
of temperature on consumption areaperbsd;neaescntfco
otechnical in nature. This list was developed
analyzed by Chapman and Coffey (1971), r mS ihadSie a 18)
Edwards (1974), and Colle, Shireman, and
Rottman (1978). The effect of size on Anon. 1971. "Lake Erie Grass Carp?" Sport
consumption rate was examined by Fisheries Institute Bulletin, No. 223, pp 5-6.
Chapman and Coffey (1971) and Shireman, Criticizes U.S. Fish and Wildlife Service's intention

Colle, and Rottman (1978). Data on to study and possibly introduce grass carp into Lake
digestion and feeding can be found in Erie for weed control.
Hickling (1962, 1966) and Stroganov (1963). Anon. 1972. "Man's Best Friend?" Time, Jan
Additional information on consumption is in 31.
Sutton (1974, 1977). An extremely distorted and inaccurate article on

Models grascarp.
Anon. 1975. "Additional Experiments with

A stocking rate model to predict the White Amur," Illinois Natural History
number of white amur required for vege- Survey Report 148.
tation control was developed and reportedbytin Scotrolm was1d and raillepforte Gives tentative results of experiments where grass
by Schramm (1982) and is available for use. car)p successfully controlled weeds in ponds but
Dr. John Osborne developed a streamlined neatively affected other fish species.
model for calculating numbers of white Anon. 1975. "Grass Carp Could Mean
amur required to effect various levels of Trouble," Bass Research Foundation Report
control.* Ewel and Fontaine (1977, 1980) No. 2, p 4.

Reports on research in Alabama and Florida which

Perwal Communiesdtm. 1961, Universit of FloriL. indicates adverse impacts of gram carp on game
Gssville. M fish.
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Anon. 1976. "Lake Louise First for Grass Describes advisory committee dealing with
Carp?" Outdoor News, Vol 9, No. 10. importation of exotic fish. including grass carp.

Reports upcoming test introduction of grass carp in Reiger, G. 1976. "The White Amur Caper,"
Minnesota Lake. A udubon, Sep, pp 108-111.

Anon. 1979. "Grass Carp Ban Ends." The Suggests that introduction of the undesirable grass
Martha sille (MO) Record, Nov 23. carp into the United States is mostly a result of

political infighting and competition of fishery
Restrictions on grass carp are lifted since biologists for research funding.
surrounding states have stocked the fish so widely. Rse, . 1972. "What About the White

Anderson, A. 1979. "Grass Carp not the Amur? A Sportfish Or A Super Curse?"
Answer." The Dallas (Texas) Morning News, Florida Naturalist Oct, pp 156-157.
Jan 30. Describes positive and negative characteristics of

States that grass carp could not control weed grass carp for weed control in the United States.
problems in Texas waters but would cause
detrimental ecosystem effects. Sneed, K. E. 1971. "A Controversial

"Weed-Chomping Fish Biological Control," American Fish Farmer,
Ball, J. 1977. "edCopnFih(2, 6). pp 6-9.Experiment a Flop," Orlando (Fla.)(26)pp-9
Expeinta F," O lando(Describes advantages of grass carp over other
Sentinal Star, Oct 18. methods of weed control and reviews research and

Documents failure of grass carp to control weeds in controversy surrounding its use in the United
Florida lake because of inadequate stocking. States.

Bosley, R. W. 1975. "White Amur - The Sutton, D. L 1975. "Controlling Aquatic
Wonder Fish - Solves Water Source Vegetation Herbicides," Fish. Grounds
Problems," American Nurseryman, Vol 14 1, Maintenance, Vol 9. pp 18-22.
No. 9. p 983. Describes weed control research using grass carp in

Discusses weed control ability, taste quality, and combination with herbicides in Florida.

regulations of grass carp. Vance, J. M. 1975. "Amur is a Four-LetterHacker, D. W. 1975. "Superfish! No Bird or Word," Field and Stream, March 13-20. I

Plane, It's a White Amur," The National Emphasizes adverse effects of grass carp• iObsenwr, Jan 1. introduction.

A figurative account of the gras carp which Vance, J. M. 1975. "Grass Carp Moving On,"
describes a controversy over its use for weed control
in the United States. All Outdoors (Missouri Department of

Conservation), Mar 17.
Harris, C. 1978. "Grass Carp: Bane or Cosrain) a 7

Blesing. Forida Sportsman, Nov, pp 20- Cites reports of grass carp spread in Mississippi
drainage and potential for carnivory.22, 25-26, 80.

Reviews controversy surrounding use of gram carp Availability of Information
for weed control, with the emphasis on Florida. To obtain the following information,

Hawker, J. L date unknown. "Whither The contact, in writing, Program Manager/
Grass Carp?" St. Joseph (MO) Gazette. Aquatic Plant Control Research Program

Evaluates gras carp for weed control in the United (APCRP) U.S. Army Engineer Waterways
States, particularly Missouri. and suggests that Experiment Station, P.O. Box 631,
adverse impacts outweigh benefits. Vicksburg, Miss. 39180:

Parker, Jr., W. D. 1969. "The White Amur," 9 Copies of any of the APCRP reports
Alabama Conservation, Vol 39, No. 2, pp dealing with the Lake Conwav study.

11-12. * Use of the Stocking Rate Model
Describes attributes d gram carp for weed control. (Schramm 1982).
but cites need for further investigation of potential
impacts. * Information on other methods

Prewitt, R. 1972. "Rambling Along.- (mechanical, chemical, other biological)
A rican ish . Rmblin, Au g , pp18-2which can be used in place of or in many

cases in conjunction with the white amur.
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APPENDIX B: PLANT PREFERENCES AND CONSUMPTION
RATES OF WHITE AMUR

Table H I
White Amur Plant Preferences*

White amur seems to greatly prefer: Utricidaria app.
Nifeila and Chara app. Cabomba app.
H&drilla mvrticiltata Fuirena acirpoides
Najaa app. Braaenia ark reberi
Pota mogeton app. Hrd rocot vi app.
Duckweeds (Lemna, Spirodelia Wolifia. Wo~fiella. White amur will not control effectively:

Awola) vauumoneria app.
Ceratophylluin demersum Typha app.
Alpochartsackl Myriophyllum brasilienae
Elodea ranadenaia PihragmiWe app.
Pithophora 5J). Carex app.

White amur will control but does not seem to prefer: Scirpus app.
Myriopkyllum app. Ewchkornia crassi pea
Swopa app. A Iernanthera ph iloxeroides
AEgeria demoa Piatia st rat jotes
Nymphaea app. Nvmpho ide sapp.
Spirogyra sp. Ntsphar macro phillum

(Continued)

From Nall and Scbardt(1978).



Table B2
Plants Consumed by White Amur*

Plants Readily Consumed Poor Consumption
Aquatic Plants: Amphibious Plants:

Fennel pondweed (Potamogeton pectinatus) Marsh woundwort, (Stachys paluxtris)
Hornwort (Ceratophyllum demersum) Red vartsia, (Odont its rubra)
Water thyme (Elodea canadensia) Thread rush (Juneusfiliformin)
Ivy-leaved duck weed (Lemna trianda) Cyperuslike sedge (Carex pseudocyperus)
Frogbit,(Hydrocharis morau-raae) Terrestrial Plants:

Amphibious Plants: Corn sowthistle (Soncus orvenaja)
Swamp mesdowgrass (Poa pal ustris) Tansy (Taxacetum vulgare)
Great reedmace (Typha Iati(olia) Rose bay (Chamaeserion anguatiolium)
Common reed (PA ragmites rommunis) Yellow loasestrife (Lysimachia vulgari.)

Terrstril Plnts:Autumn hawkbit (Leontodon autumnal is)
Red clover (Trfolium pratenee) Dandelion (Taracowutn qfficinale)

Zizgclover (T'. medium) Narrow-leaved crew (Lepidium raaderale L)
Whit cloer (. ree=)Shepherd's purse (Capaeila bursa-paaioris)

Wouh cloer 7 repen) Birds-foot trefoil (Lotus corsiculatua)
Hedge mustard (Sisymbrium, qoficixale)Average Consumption Hare's foot clover (7W/olium arven.,)

Aquatic Plants: Canadian fleabane (Erigerox canadeneia)
Spiral wide celery ( Valisseria apiralis) *White" bent (Agrostris aiba)
Milfoil (Myriophyllum sp.) Large-flowered hemp nettle (Cal aeopsis speciosa)

Amphibious Plants: Yellow toadflax (Linaria vulgaris Miller)
Bog arum (CallIa palluatris) Bush grass (Calamagrostis epges)
Willow grass (Polyonum amphibium) Marsh horsetailI (Equisetum pal ustrue)
Common rush (Juneus effusus) Krantz' cinquefoil (Potentilla era ntai)
Three-lobed bur marigold (Bides tripartita) Bush vetch ( Vicia sepium)
Flowering rush (But omus umhellatus) Corn mint (Mentha atwnai)
Wood scirpus (Scirpus apbraticua) Bracken (Pleridium aquilixum)
'Black" sedge (Carex nigra) Ground ivy(Nepta gledhoma)

Terrestrial Plants: White campion (Lychnis alba)
Greater celandine (Chelidonium mnus) Wdtchamomil(arearae4
Knotweed (FbIwonum aticutarr) Clsot(uskpfraa
Milfoil, yarrow (Achillea millefoliun,)
Silverweed (Plbestillaasserina)

Dat obtaiued experimntally using 1-year-old IMu (170- M ff) in water 30-3WC. Information from Veit and Dong
* (1968) as presented In Bailey (117k).



Table 83
Daily Consumption of Selected Aquatic Plants by White Amur*

Coxmemptioe litial Final
g/day/ A vg Size A vg Size

Raw fis u g Period of Obstrvation

Hydrill rrtwicillata 903 955 1070 Apr 22 - May 4. 1966
Najas indica 210 94 470 Jul 7 - Aug 17, 1965
Najas indira 269 94 474 Jul 7 Aug 17. 1965
Najas indica 813 789 989 Oct28 - Nov 11. 1965
Hydrilla erticillata+ 80 62 113 Apr23 - May 11. 1966

Njajw idica
Ceratophyllum deersum 680 616 623 Sep 17 - 27.1965
CeratophiUum demeraum 757 830 892 Oct 12 - 19. 1965
Crratophylium demersum 757 623 748 Oct 12 - 19,1965
Spirodela polyrhiza 260 474 616 Aug 17 - Sep 7. 1965
l1mna triaufra 155 124 145 Apr6 - 17,1965
Lemna triadca 200 100 169 Sep 15 -24,1965
Lemna triad +

Wolffia arrkiza 187 87 150 Sep 10 - 22. 1965
, Woiffia arrhi z +w Utridaria stellaris 479 948 975 May 23 - Jun 16. 1966

%hiinia cuc//ata 155 958 1000 May 30 -Jun 16. 1966

Based upon 8ingh et al. (1969) as presented in Bailey (1972a).

It .,

Table B4
Comumption Rates of White Amure

Ausouis Sim. of Item..
C.mmaudlR Fish in Weih

plant g ti/day g f/dae

Hpdrita 1406 153 6.11
Hydrili 2341 753 4.86
Duckweed 436.5- 700.5 35.2 ND"

Ihsrmati o in utton(i074,1 l77).
• Nodata.

D83
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APPENDIX C: THE STOCKING RATE MODEL

Three examples of the Stocking Rate input parameters and logic used in the
Model are presented herein. See Part IV of model.
main text for explanatory information on

.f..IaI Hl - TIME:-HR'ING'3 Ot 12- - ?- AT 5.c' 'Hf4-4EL i.-'4.; T I

UE' Ir' -- P;'FTh#.
r-.i - O - IiF'--

wuauuuOau3
:llEF. =il': r :T- ;= O ': , .MFM-IJ o-Er==_. =  .:'"-='i ':1' :F'FO=E 2 i:f-c.'c IT- ':'i-I' cM

*JLFi F'MIF.'1
*O F4MUP

;'PEET I rC-

THI_ I: THE .'E hHITE FAMLR STUrIo3-PATE MODEL.
IT I,, - DE-;IGNIED TO PREDICT THE rIMBER OF I, HTTE AMUP PEOULIPED
TO .EMOVE A -PECIFIo: AMOLIIT OF THE FOLIATIC PLANT HyDPILL8
FCR' FA LAIE OF POND. IF YUL HAVE PPOBLEM. WI11TH THI7 MODEL, OF
,IcILP' LIIE FADDITIOrNPL IMFORMATION4 O1H METHOD:; FOP COTPROLLI4G
A,:,I.T IC PLANT', PLEA.E CONTACT:

P,'|PRM MANA3ER
i:,'',FcTIC PLAHT CONTROL PPOGPM
'.icTEPII"(: E:PEPIMEINT I TAT ION11 '..'I o" : P , M I 1 IC & IPPI 391:?O

'-FT- 542-3 .'4Q:4)

TO H1'E THI. MOEDEL. Ar IIIE THE FOLLOWING rL-EE:TION":
F#FTEP THE = 1N APPERPIS
-BE "_UPE TO HIT THE 'RETURN' 9 EY HFTEP ENTEPING DATA)

ENTER THE -IZE [IF THE LAI<E IN ACRES.

ffi120i

ENTER THE AVERAGE DLPTH OF THE LAIeE I FEET.

=2.5

E14TEP TOTAL ACRES INFESTED WITH HYDPILLA.

"=.0

ENTER THE MONTH OF THE YEAR (JAN, FEDB ETC..) WHEN STOCKING
IvILL TAkE PLACE.

SAPP
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FTFPT ErTEP THE TOTAL NUM'ER OF WHITE AMLUP TO BE -TOO , ED.
THEN EN4TEP THF AVERAGE IWlEIGHT tIN POUNDr1-- OF A : Iti3LE FI:H.
UE A' COMMA TO ZEPRATE THE TIOl VALUE:.

='-liri 1.

HOld r,l~t',' MONTH- INTO THE FUTLPE 10 ','l. I,1:_H TO FREDI-: T

=24

THERE hWILL BE A t'EL;,Y OF -EVEPFL MIrITE- "'HILE FE:IULT -

HR4PE FF I Ct A CFLCULATED.

t(4IMBEF MEAN kIT. TOTAL MIT. PLANT VEGETATED
CF FU:-H OF FI:H OF FN:H CONDUMED ACE:

Y'. MONTH f EMFAININS ,LB, LEL,

(i PR 1794 2. 2 0. . -30781. 2. -

is MAY 17&,8 1.41 2519.3 1:7410.9 114.i( juN 178 1.s9 301:18.0 45350.8 II.
A 0 1 JUL 1776 2.02 3591.4 54150.9 112. a
0 AIUG 1770 2.42 4288.0 64658.8 11 A.6:: -EP 1764 2.90 5119.6 77205.6 1 "_,. 4

0 OCT 1758 3.3 59::4.6 82814.7 104.4
( NOV 15 3 .61 E.6--;a3.6 6ll18.65.2
Q DEC 1747 .72 6493.0 45075.4
i 11Ir-,4 1741 3.76 6552.7 33 050.5 25. 3
0 FE 1735 4.15 7191.8 82251.8 2. 1
0 MAP 1729 4.85 8394.1 119145.3 i1. ,

I FPP 17-4 5.73 9883.0 14.3040.9 22.8
I MAY 1718 6.82 11712.6 172796.2 25.a
I JUN 1712 8.15 13960.3 200573.6 z".2
I JUL 1707 9.73 16613.0 247704.9 28. 3
1 -AUG 17l1 11.59 19711.9 291911.3 25.2
I SEP 1696 13.74 23307.3 341050.7 13.4
I OCT 1690 15.74 26603.7 0. 0.
1 NOV 1684 16.61 279,8.4 0. 0.
I DEC 1679 16.98 28511.7 0. 0.
I JAN 1673 17.13 28662.8 0. 0.
I FEB 1668 18.48 308,33.0 0. 0.
I MAP 1662 20.84 34642.7 0. 0.

IF YOU WISH TO PUN THE MODEL ASAI. ENTER YES
IF YOU WISH TO STOP, TYPE NO

*t40;DO

END OF PROGRAM

Ca
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APPENDIX D: STOCKING RATES OF WHITE AMUR
TO CONTROL AQUATIC VEGETATION

Table DI
Number. Weight, and Effectiveness of Control of White Amur Stocked in Uttle Lake Barton.

Florida*
and Red Haw Lake, Iowa**

Size StockingOf Rate
Size No. Fish fisk/,eg~ated

Water Body acres Fish acre Note

Little Lake 544 212 80 0.39 Within I year of stocking
Barton hydrilla decreased from

1700 g/m .1 to 0.923 g/m
Red Haw Lake 2900 780 380 0.27 Potat,,utI,. Elodra.

C(.,-r, ophyllif. and Najx.
were controlled

Mean weights of total vegetation in the lake were:

2438 g/ms (1973 the start of the study)
1142 g/m3 (1974)
455 g/m' (1975)
211 g/m s (1976)

* Osborne and Ssie (1979).
"Mitzner(1978).

Table D2
Suggested Stocking Rates and Their Success In Particular Studies

Stockny Rate Note Peerece

50 lb/scre Will completely eliminate heavy Bailey (1972a)
infestation of coontail (in
Arkansas) in one summer

20-41 lb/acre Shows control of several plant Bailey (1972a)
(10- 16-in. fish) species in I to 3 months

235 kg/ha Reduced aquatic plants in Stott and Robison
England (water temperature= (1970)
47.70*F)

34.6 kg/ha Completely removed submerged Aliev (1963)
weeds in a canal in Russia

35-20 lb/acre Recommended for most Bailey (1972a)
stockings in Arkansas

800 kg/ha Reduced aquatic plants by 50% Stott and Robison
(2.year-old fah) in 5 months (England) (1970)

DI
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Table DS
White Amur Stocking Rates and Success of Control for Various Species of

Aquatic Plants*

Initial Weed Time
AtV Wt. Stocking quantity to

Species of Fie, g No.1ka tone/ak Clear, days

Hydrilla verticillata 995 1210 11 10
Hydrilla + Naas india 62 5200 7.4 18
Hydrilla + Najas indira 113 654 68.3 42
Najas indica 94 1250 10.8 41
Najas indira 94 1250 13.8 41
Najas indica 789 1667 19.0 14
Ceratophyllum demersum 2640 400 5.7 5
Ceratophyllum demersum 616 1250 8.5 10
Ceratophyllum demermum 830 1250 5.7 6
Ceratophyllum demermtm 623 1250 5.7 6
Ceratophyllum demersum 974 250 37.2 49
Nechamandm alterifolia 1830 250 6.8 43
Nechamandra alterifolia 2000 400 3.8 18
Utricularia stellaris 948 725 3.1 9
Spirodela polyrhiza 474 1250 6.5 20
Lemna trisu/a 124 1000 1.7 11
Lemma trisuka 100 2000 3.6 9
Lemma + Woldfia arrhiza 87 2500 5.6 12
Lemna + Wolffia arrhiza 150 2500 4.5 11
Sahinia eucilata 958 1190 3.1 17

After Singh et &1. (1967). I
Table D4

Success of Various Stocking Rates in Arkansas*

No. Stocked
Area Stocked No./aere Size Note

Old River 20,000/200 10.000 were No noticeable change in a dense covering
(oxbow lake) fingerlings; 10.000 of duckweed until the end of the second

were 10 to20em year

Irrigation canal 100/2 1 lb No noticeable change in alligatorweed
during a 2-year period

Atkins Lake 2,595/750 20 to 25 cm Submersed vegetation eliminated in 3
(watershed lake) years

Bois d' Arc take 3,540/700 Yearlings Submersed vegetation eliminated
(isolated, small watershed) 12.070/700 Fingerlings although no effect on emergent vegetation

(3 years)
Flag Lake 1.800/120 20 to 25 em Submersed vegetation eliminated

although no effect on emergent vegetation
(2 years)

Horshoe Lake 18,393/1.200 20 to 25 cm Submersed vegetation greatly reduced
(natural lake) although no effect on emergent vegetation

(3 years)

Aftr' Bailey(IM/5

D2



APPENDIX E: REGULATIONS CONCERNING USE
OF THE WHITE AMUR

state Re pmbe Age i Re.#d.iou As o

Alabama Department of Conservation and Natural None Aug 1984
Resources

Fisheries Division
Montgomery 36130

Alaska Department of Fish and Game Permit required Aug 1980
Division of Commercial Fisheries
SubPort Building
Juneau 99801

Arkansas Game and Fish Commission None Mar 1984
Little Rock 72205

Arizona Game and Fish Department Prohibited except by Aug 1984
Fisheries Branch special permit
P.O. Box 9099
Phoenix 85068

California Department of Fish and Game Prohibited except for Aug 1984
Sacramento 96814 research (very

restrictive)
Colorado Department of Natural Resources Permit program for Aug 1984

Division of Wildlife east of Rocky
Denver 50216 Mountains

Connecticut Department of Environmental Protection Prohibited Aug 1980
Hartford 06115

Delaware Department of Natural Resources and Prohibited Aug 1980
Environmental Control

Division of Fish and Wildlife
P.O. Box 1401
Dover 19901

Florida Game and Fresh Water Fish Commission Permit required Aug 1984
Tallahassee 82301

Georgia Department of Natural Resources Permit required Aug 1984
Atlanta 30834

Guam Department of Agriculture Permit required Aug 1980
Division of Aquatic Resources
Agana 96910

Hawaii Department of Land and Natural Permit required Sep 1980
Resource

Division of Fish and Game
Honolulu 96813

Idsho Department of Fish and Game None, presently against Aug 1960
Boise 88707 Department policy

Illinois Department of Cosrvation Prohibited Aug 1960
Springfield 62706

Indiana Department of Natural Resources Permit required Aug 1960
Indianapolis 460

Iowa Conservaton Commission Permit required Aug 1964
Des Moines 50819

El

_ _ _
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State Responible Agei" ReguLaio As of

Kansas Fish and Game Department None Aug 1984
Fisheries Management Section
Pratt 67124

Kentucky Department of Fish and Wildlife Prohibited except for Aug 1984
Division of Fisheries research on new
Frankfort 40601 triploid. Permit

required.
Louisiana Department of Wildlife and Fisheries Permit required Aug 1984

New Orleans 70130
Maine Department of Inland Fisheries and Prohibited Aug 1980

Wildlife
Augusta 04333

Maryland Department of Natural Resources Presently no permits Apr 1981
Annapolis 21401 issued

Massachusetts Division of Fisheries and Wildlife Prohibited Apr 1981
Westboro 01581

Michigan Department of Natural Resources Permit required Aug 1980
Lansing 48909

Minnesota Department of Natural Resources Prohibited Mar 1981
St. Paul 55155

Mississippi Mississippi Department of Wildlife Permit required Aug 1984
Conservation

P.O. Box 461
Jackson 39206

Missouri Department of Conservation None Aug 1984
P.O. Box 180
Jefferson City 65102 I

Montana Department of Fish and Game Prohibited Aug 1980
Helena 59601

Nebruaka Game and Parks Commission Prohibited except for Aug 1984
P.O. Box 30870 new triploid. Permit
Lincoln 68503 required

Nevada Department of Wildlife Permit required Aug 1984
P.O. Box 10678
Reno 99620

New Hampshire Department of Fish and Game Permit required May 1981
Marine and Inland Fisheries Division
Concord 0801

New Jersey Department of Environmental Protection Prohibited Aug 1960
Division of Fish, Game and Shellfisheries
P.O. Box 1809
Trenton 016

New Mexico Department of Game and Fish Permit required Aug 1980
Sante re 87M

New York Department of Environmental Prohibited Mar 1911
Cosrvmion
Albany 1223

North Carolina Wildlife igoure Commission Prohibited ezeept for Aug 184
aleaigh 27i11 new triplokw Permit

192
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State Respousible Aew Regdation As of

North Dakota Game and Fish Department Prohibited Aug 1980
Bismarck 58605

Oklahoma Department of Wildlife Conservation Permit required Aug 1984
P.O. Box 53465
Oklahoma City 73152

Ohio Department of Natural Resources Prohibited Mar 1981
Columbus 43224

Oregon Department of Fish and Wildlife Prohibited except for Aug 1981
P.O. Box 3503 research. Permit
Portland 97208 required

Pennsylvania Fish Commission Prohibited Mar 1981
P.O. Box 1673
Harrisburg 17120

Rhode Island Department of Environmental None, but presently Mar 1981
Management against Department
Division of Fish and Wildlife policy
Wakefield 02879

South Carolina Wildlife and Marine Resources Department Permit required Aug 1984
P.O. Box 167
Columbia 29202

South Dakota Game and Fish Department Prohibited except for Aug 1980
Fishing Staff research. Permit
Pierre 57501 required

Tennessee Wildlife Resources Commission Permit required Aug 1984
P.O. Box 40747
Nashville 37204

Texas Parks and Wildlife Prohibited except in May 1981
Austin 78744 aquaria

Utah Division of Wildlife Resources Prohibited Aug 1960
Salt Lake City 84116

Vermont Agency of Environmental Conservation Prohibited Aug 1980
Department of Fish and Game
Montpelier 06602

Virginia Commission of Game and Inland Fisheries Permit required Aug 1964
P.O. Box 11104
Richmond 23230

Washington Department of Fisheries Prohibited except for Aug 1964
Olympia 96504 research. Permit

required
West Virginia Department of Natural Resources Permit required Aug 1960

Charleston 25306
Wisconsin Fish and Game Commission Prohibited May 1961

Fishing Information
Madison 58703

Wyoming Gane and Fish Department Prohibited Aug 190
Chwoem o

Distriet of Department of Environmental Servies None Apr 1981
Columbia Envirnmental Health Administration

Wlhinglo. D.C. 200
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